Distribution
and balance studies with carbon-14-labeled amphotericin B methyl ester (AME) were carried out in mice.
The radioactive AME was administered by either the intraperitoneal (i.p.) or intravenous (i.v.) route.
In the organ distribution study, the percent radioactivity accumulating in the lung of i.v. treated mice at 1 hour after administration was about 150 times greater than that observed when the intraperitoneal route was used. No accumulation of radioactivity with time was detected in the kidneys of either the i.v. or i.p. treated mice. After 4 days, about 51% of the total radioactivity was excreted into the urine and feces of mice after i.v. administration, but only about 15 % of the total radioactivity was excreted in the case of mice receiving radioactive AME by the i.p. route. In the identification of the substances excreted in the urine, thin-layer chromatography (TLC), radioactivity, and bioautographic evidence suggest that there was no detectable de-esterification of AME to the parent compound in mice treated either intraperitoneally or intravenously with AME.
The most effective antibiotic now available for the treatment of systemic fungal infections in man is intravenously administered amphotericin B. This drug is used for the treatment of a number of mycoses that are invariably fatal1~3). The use of amphotericin B, however, is restricted to a significant degree by a variety of toxic side effects, the most serious of these being nephrotoxicity4,5). It is suspected that these toxic side effects may be related to the inherent insolubility of this compound in water.
Amphotericin B methyl ester (AME), a water- 
Materials and Methods
Preparation of Amphotericin B-14C-Methyl Ester (AME) 14C-Methyl ester of amphotericin B (AME) was prepared by chemical conversion of purified amphotericin B with 14C-diazomethane, following the method of MECHLINSKI et a1.6,9) Fig. 1 shows the location of the labeled methyl group in the AME structure.
Distribution of Radioactivity in Organs and Tissues of Mice
In this study 10 mg of radioactive AME was dissolved in 1 ml 1 % aqueous ascorbic acid and 5 go dextrose (pH 2.8-3.0). The pH of this solution was adjusted to pH 5.0--5.5 with aqueous sodium hydroxide. The solution of AME so prepared was administered to male mice (Swiss strain, 30± 1 g body weight) either by intraperitoneal injection (0.36 pCi/20 mg/ head) or by intravenous injection (0.036 pCi/ 2 mg/head) via the lateral tail vein. After administration of the compound, each animal was kept in a metabolic cage with a supply of food and water. Feces and urine were collected separately. Where measurement of the radioactivity of expired carbon dioxide gas was required, the metabolic cage was housed in an apparatus furnished with the necessary equipment to trap the carbon-dioxide gas. The experimental procedures followed the method of KAWAGUCHI10).
At the end of each assigned time interval, as shown in Tables 1 and 2 , animals (3 animals per group) were sacrificed by bleeding from the eye. A 0.1-ml aliquot of serum was used for the measurement of the serum radioactivity. Various organs, such as liver, spleen, kidney, lung, testis, intestine, stomach, thymus, brain, and heart were excised for the radioactivity measurements. All samples (2040 mg) of excised tissues were repeatedly washed with saline solution, then completely digested with Soluene 350 (Packard Instrument Co.) and finally decolorized with 0.2 ml of 30-.35 % H2O.. As an example, to each sample in a vial, 1 ml of Soluene 350 was added and incubated at 50°C for 2-3 hours. After cooling the homogenous solution, 0.2 ml isopropanol was added, followed by an addition of 0.2 ml H2O2. The samples were shaken immediately and kept at 40'C for about 30 minutes. After cooling, 10 ml of Aquasol (New England Nuclear Co.) was added. The radioactivity of the samples was counted by the Packard liquid scintillation spectrometer model 3320. For the digestion and decolorization of serum, the same experimental procedure was followed. As shown in Tables 1 and 2 , the accumulation of radioactivity per g organ basis was expressed in terms of L-value". This expressed the relative ratio of distributed radioactivity per g organ to the total radioactivity administered per g organ basis. Therefore, L-value equals dpm/g organ/total dpm given per animal/total body weight of the animal. When the L-value is multiplied by the amount administered in mg/kg, the value for the amount in ig of the drug localized per g organ is obtained.
The bioassay and spectrophotometric measurement of tissue distribution in mice were done by the following procedures. The excised organs of mice sacrificed at each assigned time interval, as shown in Table 3 , were lyophilized and ground thoroughly. The ground organs were carefully weighed out (50-100 mg). The possible lipids present in the tissues were extracted twice with 2-ml portions of petroleum ether and diethyl ether. To the defatted tissues 0.5 ml of dimethyl sulfoxide (DMSO) was added for the extraction of the drug. The residual drug in the tissues was further extracted twice with 1.5-ml volumes of methanol. Methanol and DMSO extracts were then combined and centrifuged to precipitate the proteins dissolved in DMSO. The supernatant solution so obtained was used for the spectrophotometric and bioassay measurement. For the spectrophotometric measurement, absorption of the drug was measured at 383 nm. The drug concentration was then calculated from the base that the absorption of 10 pg/ml of amphotericin B methyl ester was 1.65 (E 1% 1cm 1,650). For the bioassay measurement, a broth dilution method was employed, using Saccharomyces cerevisiae (ATCC 9763) as a test organism. The medium used for the incubation of the organism was SABOURAUD's broth (4 % dextrose, 1 % peptone). The incubation time was 36 Balance Study Excreted urine, feces, and expired carbon dioxide gas from the mice described in the previous section were collected for the detection of radioactivity.
(a) Expired gas: Using the method of KAWAGUCHI10), expired CO2 was trapped in monoethanolamine in the form of carbonate.
At 3, 6, 12, 24, and 48 hours, 0.2 ml of the collection solution was taken out and added to 10 ml of Aquasol for radioactivity measurement.
(b) Urine: In all cases, 0.1 ml of each urine sample was taken and added to 10 ml of Aquasol.
(c) Feces: For the digestion and decolorization of feces, the following method was used. Approximately 7-10 mg of ground, lyophilized feces were put into a scintillation vial. To this 0.2 ml of distilled H2O and 1 ml of Soluene 350 were added. After 2 hours of incubation at 50°C, 0.5 ml of isopropanol and 0.2 ml of H2O2 (3035 %) were added. The samples were kept at room temperature for 10 minutes and then kept another 2 hours at 50°C. After the 2 hours, 10 ml Aquasol was added, and the radioactivity was measured.
Thin-Layer Chromatography (TLC) of the Urine Sample of Mice i.v. Treated with AME The urine of the i.v. treated mice was collected up to 24 hours after drug administration. A group of 4 animals was used. The urine was extracted three time with an equal amount of butanol.
The collected butanol was then evaporated under vacuo to near dryness. The concentrated extract was dissolved in 1 ml DMSO and further diluted with 1 ml methanol. The TLC of the urine extract was developed on Eastman 6060 chromatogram, silica gel with fluorescent indicator. The solvent systems used for the TLC were chloroform-methanol-borate buffer (0.025 M, pH 8.3) (2:2: 1, lower phase) and chloroform -ethanol -20 % acetic acid (1: 1: saturation). For the radioactivity measurement of the chromatogram, the developed TLC was scraped out at 5.0-mm intervals, and the scraped silica gel was colleted in a test tube. The substance adsorbed in the silica gel was extracted with 0.5 ml DMSO. From it 0.2 ml was taken and put into a scintillation vial. There 10 ml of Aquasol was added and radioactivity measured.
For the bioautography, S. cerevisiae was used as a test organism. The organism was inoculated into 50 ml of SABOURAND's broth in a 250 ml Erlenmeyer flask which was then incubated at 28°C on a 245 rpm shaker for 24 hours. At the end of the incubation, 0.1 ml of the culture was taken and put into 50 ml of liquified SABOURAND's agar (40°C). To a Petri dish (150 mm x 15 mm), uninoculated medium was added to about a 5-mm thickness. After solidification, a thin-layer of the seeded medium was layered on top. When the top layer had solidified, the developed TLC was carefully layered with the silica gel side down. The plate was incubated for 24 hours at 28°C. Then, the TLC was carefully taken out and the plate was incubated for another 24 hours and examined for the bioactivity.
Bioactive spots were compared with the spots detected by UV light. Rather high radioactivity was still detected after 24 hours and 96 hours in the liver, spleen, testis, intestine, and stomach after i.p. administration. This seems to come partly from the direct absorption of AME onto the outer tissues of these organs since even after 96 hours a considerable amount of AME was still found in abdominal cavity of mice treated by the i.p.
route.
In order to determine if the radioactivity accumulated in tissues is related to the biopotency of the drug, the tissue localization levels of the drug calculated from the radioactivity measurement were compared with the levels calculated from the UV and bioassay measurements.
The results on four important organs, liver, lung, spleen and kidney are shown in 
II. Balance Study
( 1 ) Serum: Table 4 shows the radioactivity profiles in the serum of mice receiving radioactive AME by i.p. or i.v. routes. For mice receiving AME by the i.p. route, the half life of the drug in the blood was calculated to be 30 minutes. In the case of the i.v. treated mice, the half life in blood was calculated to be 15 minutes.
( 2 ) Urine: Table 5 and Fig. 2 show the radioactivity excretion pattern of mice given radioactive AME by i.v. or i.p. route. In both cases the maximum excretion of radioactivity occurred in the first 3-6 hours. The cumulative radioactivity in the urine of mice receiving AME by the i.v. route after 4 days was about 27 %.
On the other hand, the radioactivity recovered in the urine of mice after i.p. administration was only about 9%, after this same period.
With the dosages employed, these results suggest a poor absorption of AME into the Table 4 . Serum radioactivity level in mice given single dose of amphotericin B-14C-methyl ester intravenously or intraperitoneally. Feces: Table 5 and Fig. 3 show the radioactivity excretion pattern of mice receiving AME by i.v. and i.p. routes.
For both the i.p. and the i.v. route, the maximum excretion of radioactivity occurred in the first 48 hours. The cumulative radioactivity after 4 days in the feces of mice after i.v. administration was about 23 % of total radioactivity administer- Fig. 4 shows the TLC of the authentic AME and the urine samples of i.p. and i.v. treated mice developed by two solvent systems as described in materials and methods. Radioactivity measurements and bioautography indicate the presence of only AME. No spot comparable to amphotericin B was detected under UV light or by bioautography. The small amounts of radioactivity detected below the major spot appear to be caused by a tailing effect. Since no bioactivity was detected at the spot comparable to amphotericin B, the administered AME was evidently not de-esterified to the parent compound. The generally smaller zones of inhibition in the bioautogram developed by the solvent system 1 as opposed to solvent system 2 were possibly caused by the high acidity of solvent system 1 which may have inactivated some of the AME in the development of the chromatogram. Therefore, the radioactivity measurement and bioautography of TLC with both solvent systems strongly suggested that there appeared to be no apparent de-esterification of AME to the parent compound in mice receiving AME either by the intravenous or intraperitoneal route. (1) chloroform-ethanol-20% acetic acid (1:1: saturation).
(2) chloroform-methanol-borate buffer (0.025M, pH 8.3) (2:2:1, lower phase). The shaded area shows the bioautograph of amphotericin B as a reference in each solvent system. The blackened area shows the bioautograph of the developed TLC in each solvent system. 1-1. Urine extract of mice i.v. treated with AME developed by solvent system 1 1-2. Urine extract of mice i.v. treated with AME developed by solvent system 2 2-1. Urine extract of mice i.p. treated with AME developed by solvent system 1 2-2. Urine extract of mice i.p. treated with AME developed by solvent system 2 3-1. Authentic AME developed by solvent system 1 3-2. Authentic AME developed by solvent system 2
B methyl ester hydrochloride (AME) was previously found to be active against various systemic fungal infections in mice but the efficacy of AME was somewhat lower than that observed for Fungizone12).
Our finding that AME showed poor absorption from the i.p. route partially explains this lower efficacy against systemic fungal infections.
The high concentration of AME in the lung after i.v. administration is of considerable interest due to the involvement of this organ in many systemic mycoses13). Measurement of the drug extracted from the lung showed that the AME retained much of its bioactivity (Table 3) . Thin-layer chromatograms of the extracted urine showed a spot com-THE JOURNAL OF ANTIBIOTICS APR. 1975 parable to that of AME. These findings suggest that AME might be highly effective against systemic mycoses, particularly those involving the lung when administration is by the i.v. route.
A possible explanation for the high accumulation of the drug in the lung may be that AME has a high affinity for the lung tissue due to the lipophilic nature of the drug. Alternatively, since a large amount of drug is administered, the AME may be simply retained in the lung through a filtration effect on the circulatory system in the alveoli. To clarify these points, the tissue localization pattern with a low dosage range using a high specific radioactive AME and autoradiographic examination of lung tissues are currently under investigation and will be reported elsewhere.
The de-esterification of AME to the highly toxic parent compound is undesirable and would possibly lead to potential danger. Our finding that no apparent de-esterification of AME was found in the urine sample of both i.p. and i.v. treated mice would seem to rule out this possibility.
To confirm our argument, however, it would be essential to show that the methyl group of the ester is intact in animal tissues throughout the metabolic processes. One approach would be to synthesize 3H-amphotericin-14C-methyl ester and monitor the radioactivity level of 3H and 14C independently . The synthesis of such a compound is currently in progress and the metabolic fate of the compound would be reported elsewhere.
